Aims: This study tested the reliability of a new protocol for the rectangular coordinate method of quantifying perineal ultrasound. Methods: Representative scans of healthy primiparous females were quanti¢ed by positioning a pubic bone template, drawn onto an acetate sheet containing x^y axes, over scans, by aligning the x-axis with the pubic bone central axis. Values for x (D x ) and y (D y ) located the urethrovesical junction (UVJ) at Rest, and at maximal Valsalva and Kegel. Range of motion (V^K) was calculated. Bland and Altman analysis, correlations, and t-tests determined intra-and inter-rater reliability, and variance due to designation of the pubic bone central axis Conclusions: The reliability of this protocol varied according to the conditions analyzed; accurate reliability assessment of all conditions required Bland and Altman analysis; and the designation of the pubic bone central axis remained a source of variance between investigators. Our results suggest Bland and Altman analysis be used with each study that quanti¢es perineal ultrasound. Neurourol.
INTRODUCTION
Perineal ultrasound is currently used to investigate risk factors and treatment modalities for stress urinary incontinence. As such, several measurement systems have been devised to quantify bladder neck position and mobility on ultrasound scans [Mouritsen and Rasmussen, 1993; Schaer et al., 1995; Chen et al., 1997; Reddy et al., 2001; Pregazzi et al., 2002; Yalcin et al., 2002] . Only one of the systems measuring bladder neck position, however, has been tested for and been reported to have good inter-rater reliability [Schaer et al., 1995] .
Schaer's method quanti¢es bladder neck position by locating the position of the urethrovesical junction (UVJ) on a rectangular coordinate system, constructed by drawing a line through the proximal and distal tips of the pubic symphysis to use as an x-axis, and dropping a y-axis at the proximal tip of the bone. This method which was expanded to quantify mobility [Peschers et al., 1996] , was endorsed twice by the German Association of Urogynecology Tunn et al., 2005] , and has been frequently used [Schaer et al., 1999; Miller et al., 2001; Peschers et al., 2001; Troeger et al., 2003; Reed et al., 2004] .
In the hands of our research group, however, the rectangular coordinate method, while more reliable than other methods attempted, has repeatedly proved to be problematic. Most notably, we have encountered several inherent sources of variance when attempting to draw the central axis of the pubic bone on a scan. First, the pubic bone is often asymmetrical, providing no objective and obvious central axis. Second, at times only the proximal half of the bone appears on a scan, requiring conjecture in the creation of the central axis. Third, the appearance of the shape of the bone may change across frames of a scan according to how the probe is positioned, how the bladder is being maneuvered, and how the adjacent connective tissue shifts, sometimes obscuring the actual bony edge. These changes in the appearance of the bone contribute to variance in the assignment of the x-axis.
The purpose of this study was to devise a protocol to measure bladder neck position and mobility that would minimize the above-mentioned sources of variance, and achieve measures with acceptable levels of intra-and inter-rater reliability. This protocol involves tracing the edges and all landmarks of the pubic bone onto a sheet of acetate ¢lm containing an x^y coordinate system. Before tracing, this acetate is positioned along the central axis of the bone according to speci¢c guidelines, and, once drawn, it is used as a template for all measures in the same subject. Here, we present the protocol, and, using Bland and Altman analysis [Bland and Altman, 1986] , report on the repeatability and reliability of this protocol as well as on variance due to the designation of the central axis of the pubic bone.
MATERIALS AND METHODS

Population
Ultrasound data used to develop and test this method for quanti¢cation of bladder neck position and mobility was collected between August 2000 and July 2003 as part of an ongoing research project addressing pelvic £oor changes across the birth year in primiparous women. Subjects included healthy women over 18 years old, who were less than 20 weeks pregnant, and had no history of urinary incontinence or any other pelvic £oor anomaly. All experimental procedures were approved by the Institutional Review Board at the University of Michigan.
Perineal Ultrasound
Perineal ultrasound was performed on women at 20 weeks gestation, and at 6 weeks, 6 months, and 12 months postpartum.The examination was conducted using the Siemens Sonoline SI-400 with a 5.0 MHZ curved array probe (Erlangen, Germany) and a 12-French single-sensor Gaeltec (Medical Measurements, Inc., Hackensack, NJ) intravaginal catheter. A Mini DV Handycam Camcorder (Sony Corp., Tokyo, Japan) was attached to the Sonoline SI-400 to record ultrasound sessions for later analysis. Ultrasound gel (MediChoice (Owens & Minor, Inc.), Richmond, VA) was inserted into a latex-free probe cover (Sheathing Technologies, Inc., Morgan Hill, CA), the probe was inserted into the cover, and more gel was applied to the outside of the upright probe. Ultrasound was performed with the probe positioned against the vulva in the mid-saggittal plane of subjects in the standing position, and with at least 100 cc of £uid in the bladder. (Minimum rather than constant bladder volume was used in order to avoid the potential risk and additional discomfort of urethral catheterization during pregnancy). Once an image of acceptable quality was obtained on the screen, the ultrasound and intravaginal pressure were recorded with the subject at rest, and while performing kegel, cough, kegel-cough, and valsalva maneuvers. After the ultrasound session, scans were quanti¢ed on Dell personal computers (PC) using Adobe Premier Pro video-editing software. Rest, kegel, and valsalva maneuvers were evaluated for the purposes of this study, according to the protocol below.
Protocol for Image Analysis
This protocol for quantifying UVJ position and mobility was conducted according to Schaer et al. [1995] , locating the UVJ in the pelvic £oor according to a rectangular coordinate system. Several modi¢cations of the method, however, were speci¢ed in this protocol to improve the reliability and repeatability of these measures in our hands.
Drawing of the template. To have a consistent reference from which to measure changes in the pelvic £oor, a template of the pubic bone in relation to an x^y coordinate system was drawn for each subject. All ¢lm clips from a subject were scanned to locate a frame that represented the pubic bone clearly and comprehensively. A transparent acetate (4 00 Â 5.5 00 ) containing standard perpendicular x^y coordinate axes that had been Xeroxed onto it, was positioned over the ultrasound scan so that the origin of the axes was at the proximal tip of the pubic symphysis, and the positive x-axis dissected the central lengthofthe pubicbone (Fig.1A) .
To maximize the consistency and objectivity of the positioning of the template axes, the following guidelines were observed:
(a) The positive x-axis was positioned to dissect the length of the pubic bone from the proximal tip through the midpoint of the widest visible segment of the bone. This stipulation standardized the positioning of axes on pubic bones that were asymmetrical, and in those in which only part of the bone was visible on the ultrasound scan. (b) Before tracing the pubic symphysis on the chosen ¢lm frame, the bone was viewed during the kegel and valsalva maneuvers in order to detect movement of connective tissue at the borders and tip of the bone, and thereby distinguish the true bony edges of the symphysis. This proved to be especially important when distinguishing the bony tip from cartilaginous tissue that frequently followed the contour of the tip, and in recognizing clitoral and connective tissue lying adjacent to the inferior border of the symphysis. This connective tissue was subsequently excluded from the outline of the bone.
Once the axes were correctly positioned over the bone, the acetate was attached directly to the computer screen with removable ''Post-its'' (3M, St. Paul, MN) and, using a vis-a' -vis Extra Fine Point Erasable Marker, the investigator created a template of the pubic bone, tracing the edges and all noticeable landmarks of the bone (a minimum of two bright white lines and several areas of variable opaqueness) onto the acetate.This template was then used on other ¢lm clips of this subject to provide an x^y coordinate system that could be consistently oriented with the pubic bone.
Tracing the UVJ at rest, and at maximal displacement during kegel and valsalva maneuvers. To test our method on the full range of motion of the UVJ, UVJ position was measured atrest, and at maximal displacementduring kegel and valsalvamaneuvers.(TheUVJwasde¢nedasthepointwherethe ventral wall of the urethra met the ventral bladder £oor and formed an apex. In the case that distension of the neck of the bladder occurred on a valsalva maneuver (sometimes referred to as ''funneling''), the UVJ was speci¢ed as the last angle the urethra made with the bladder £oor.) Films were reviewed to ¢nd a high quality picture of the pelvic £oor at rest, and to determine the frames in which maximal displacement of the bladder neck occurred during kegel and valsalva maneuvers. On each of these frames, the template of the pubic bone was positioned with a post-it on the computer screen over the scan, using the landmarks as well as the traced edges of the bone to align the template with the current scan. Once the template was attached, a second acetate, identical to the one used to make the template, was positioned over the template by alignment of the x^y axes, and the bladder neck and urethra were tracedontothe 2nd acetate.
Calculating D x , D y , and Range of Motion (Valsalva to Kegel (V^K)). Acetate sheets were individually placed over axes on graph paper in millimeter denomination, and the location of the UVJ at rest, at maximal kegel, and at maximal valsalva,was speci¢ed by the distance of x (D x ), and the distance of y (D y ) (in mm). The range of motion (V^K) was de¢ned as the distance between the UVJ at maximal kegel and at maximal valsalva, and was calculated by overlaying the acetates for these two maneuvers, and measuring the distance betweenthese twopoints (seeFig.1E).
Data Selection
All images were previewed, and were excluded from analysis if any of the following structures were not visible: a signi¢-cant portion of the pubic bone (at least the posterior half and the tip); the bladder; the urethra; and/or the UVJ. Technical £aws (such as shifts in the ultrasound gel and contrast resolution problems) resulted in the exclusion of approximately 28% of collected data. The remaining scans were studied and graded according to the quality of the image. Subject data was chosen for the experiments in this study to represent the quality of our viable dataset, and as such, we included low and middle, as well as high quality images.
Also of note, while these data of pregnant females were used because they comprised a large, complete data set, the experiments in this study were designed to test only intra-and interrater reliability of the protocol on a constant data set. Consequently, the following experiments are neither indicative of nor a¡ected by potential though minimal changes to the pubic bone that might occur as a result of pregnancy [Kelly, 1979; Ortega et al., 2003 ].
Experiment I (R1/R1). To test intra-rater reliability, Rater 1 (R1:SA) rated, and 1 month later re-rated, images from 12 ultrasound sessions; 3 from each of the 4 time periods acrossthebirthyear.
Experiment II (R1/R2). To test inter-rater reliability, R1 and Rater 2 (R2:JM) rated images from 24 ultrasound sessions; 6 from each of the 4 time periods across the birth year.
Neurourology and Urodynamics DOI 10.1002/nau Experiment III (R1/R3). To test whether drawing of the template-thus, identifying a central axis of the bone, and positioning the x-axis of the acetate along that axis before drawing the template-contributed variance to the reliability of this protocol, R1 rated images from 24 ultrasound sessions, and Rater 3 (R3:KB) then re-rated these images, but used the same template drawn by R1. All scans were from the 6-week post-partum ultrasound sessions.
Statistical Analysis
To determine repeatability and reliability of this protocol for quantifying bladder neck position and range of motion (V^K), Student's paired t-tests, and Bland and Altman Reliability Analyses [Bland and Altman, 1986] were run, and Pearson correlations calculated between 1st and 2nd measurements of each condition within each experiment. P values < 0.05 were considered statistically signi¢cant. Scatter plots of actual values were drawn to assist in interpretation. For Bland and Altman analyses, di¡erences between 1st and 2nd measures were plotted against the mean values, and plots were examined for bias, data distribution, and determination of 95% limits of agreement (LOA). The LOA are de¢ned as the mean di¡erence (d) þ/À 2SD. Table I includes the means and ranges of the actual values determined within each experimental condition. Column 1 shows average values (x) of repeated measures by R1 (subject n ¼ 12); column 2, average values of measures taken by R1 and R2 (subject n ¼ 24); and, column 3, average values of measures taken by R1 and R3, who both used the template drawn by R1 (subject n ¼ 24). Values across column 1 and 2 are highly similar, as expected, since data in column 1 is a subset of that in column 2, and both groups are comprised of an equal number of subjects from each of four time points across the birth year. Of note, all D x measures and V^K are nearly identical between columns 1 and 2 (di¡erences 2 mm). D y values between column 1 and 2 di¡er, on average, by 4 mm. Means (and ranges accordingly) of column 3 di¡er from those of the ¢rst 2 columns by 0^7 mm, also expected, since this dataset was drawn solely from the 6-week postpartum time point.
RESULTS
Descriptive Statistics
Correlations Between 1st and 2nd UVJ Measures Within Each Experimental Condition
Pearson correlations and scatterplots demonstrate the relationship between measures in each of the three experimental conditions (Fig. 2) , and present patterns within the data that o¡er insight into our method. First, the correlations for intrarater measures (column 1: R1/R1) range from 0.59 (D y Valsalva) to 0.90 (D x Kegel)(x ¼ 0.72), and those for inter-rater (column 2: R1/R2) from 0.52 (D y Valsalva) to 0.87 (D x Kegel) (x ¼ 0.70), with a high similarity in r values between column 1 and 2 for each condition. Second, while data in most (10 out of 14) of the panels in columns 1 and 2 have regression lines that coincide with the line of perfect agreement (the dotted diagonal line), intra-rater D x for Kegel and Valsalva (panels g and m), and inter-rater D y for Rest and Kegel (panels e and k) consist of data that are weighted on one side of the diagonal line, suggesting potential bias in these measures. Third, the data in column 3 (R1/R3), produced when R1 and R3 used the same template, have r values that range from 0.89 (D x Valsalva) to 0.96 (D x Kegel) (x ¼ 0.92), and, as such, are more highly correlated overall, as well as for each condition measured, than are the measures in column 1 or 2. Furthermore, data for all conditions in column 3, with the possible exception of D y Valsalva, regress toward the line of perfect agreement (x ¼ y). Finally, in these scatterplots, of the four indications of UVJ position or mobility (R, K,V, or V^K),V^K appears to be the only condition measured that is consistently distributed around the line of perfect agreement across all three experimental conditions. Of note, this condition was the only one whose repeated measures would be una¡ected by variance in how the pubic bone for a subject was aligned on the coordinate system. Bland and Altman analysis [Bland and Altman, 1986] tested the reliability and repeatability of this protocol for measuring UVJ position and mobility, and Student's paired t-tests screened for statistically signi¢cant di¡erences between the 1st and 2nd measures of conditions within each experiment. Table II summarizes the results from Bland and Altman scatterplots of di¡erences against the mean (actual scatterplots are available upon request), and indicates with asterisks experimental conditions in which the repeated measures were 
R1/R1 ¼ repeated measures by R1 on scans from four time points across the birth year; R1/R2 ¼ measures between R1 and R2 on scans from four time points across the birth year; R1/R3* ¼ measures between R1 and R3 on scans from the 6 week post-partum time point. *Raters used the same pubic bone template.
Neurourology and Urodynamics DOI 10.1002/nau Fig. 2 . Correlations between urethrovesical junction (UVJ) position assessed by multiple raters. Scatter plots of actual data points illustrate the relationships for: repeated measures taken by R1 (1st column (R1/ R1)); measurements taken by R1 and R2 (2nd column (R1/R2)); and measurements taken by R1 and R3 (3rd Column (R1/R3*)). Labels on left border specify condition assessed in each row. Pearson correlation, r, is indicated in the top left corner of each panel. Diagonal dashed lines represent perfect agreement (r ¼ 1; x ¼ y), and are included for reference only. *Same pubic bone template was used by R3 and R1.
signi¢cantly di¡erent (P < 0.05). Figure 3 shows two representative Bland and Altman scatter plots. Seven conditions indicating UVJ position and mobility are assessed in these experiments, and the reliability of this method was analyzed for each condition. In the inter-rater experiment (R1/R2), which is most relevant in predicting reliability of this method, Bland and Altman analysis shows 1st that the mean di¡erence (d) between raters is <2 mm for V^K and D x measures of Rest, Kegel, and Valsalva, indicating negligible bias between raters in these measures. For D y measures of Rest, Kegel, and Valsalva, however, d was 2.4, 4.0, and 2.3, respectively, indicating a small bias in measures for each of these conditions, with R1 rating higher values each time. (Table II) . (See Fig. 3 for a graphical representation of bias (B), or lack of bias (A)).
To determine agreement, for all conditions, 95% LOA's were calculated using d and SD (LOA ¼ d AE 2 SD) ( Table II) . The LOA's predict that 95% of the di¡erences for each measure lie between these limits. On average, the 95% LOA's were smaller for D x measures and V^K, and larger for D y measures, with D x Rest having the smallest LOA (À10 ! 8) and D y Valsalva having the largest LOA (À12 ! 17). Additionally, Student's ttest showed that measures between R1 and R2 for D y Rest and D y Kegel were signi¢cantly di¡erent at P < 0.05 and P < 0.001, respectively.
For the intra-rater experiment, bias was negligible (d < 2 mm) for all measures except D x Kegel (d ¼ 2.4), in which the 2nd measure tended to be higher. In all conditions, the intra-rater LOA were smaller by an average of 2 mm than those for the inter-rater experiment, and no conditions had signi¢cantly di¡erent 1st and 2nd measures. Likewise, in the template control group, for all conditions d (<2 mm) indicated negligible bias, and LOA's were smaller than inter-rater LOA's by an average of 11 mm. Student's t-test for the template control experiment showed D y Valsalva measures to be signi¢cantly di¡erent at P < 0.05.
DISCUSSION
This study was conducted to test the reliability of a newly detailed protocol for the use of the rectangular coordinate system to measure bladder neck position and mobility on perineal ultrasound scans. The results of this study, conducted on data from primiparous women over the course of the birth year, o¡er three main ¢ndings. First, the data indicate that the reliability of this protocol varied according to the condition Asterisks indicate signi¢cant di¡erences between 1st and 2nd actual measures for each condition. *P < 0.05. **P < 0.001. being tested. Second, all three types of statistical analysisö correlational analysis, signi¢cance tests, and Bland and Altman reliability analysisöwere useful, and the latter two were required to accurately evaluate reliability of all conditions tested using this protocol. Third, the results of the template control experiment suggest that, in spite of the adjustments implemented by the protocol to eliminate variance from this measure, the identi¢cation of the central axis of the pubic bone remained a signi¢cant source of variance in determining bladder neck position, and appeared to explain much of the lack of agreement between measures in the intra-and interrater experiments. These three ¢ndings and their implications are discussed here in the context of the data. Inter-rater (R1/R2) experimental results indicated that this protocol was reliable for measuring D x Rest, D x Kegel, and V^K, and unreliable for measuring D y Rest and Kegel, and D x and D y Valsalva. For D x Rest, D x Kegel, and V^K, correlations between values scored by R1 and R2 were good, there were no signi¢cant di¡erences between scores, no bias (d < 1 mm), and the LOA's were reasonable relative to the ranges of the actual values. Reliability statistics for D y Rest, D y Kegel, and D x and D y Valsalva, however, were problematic. The LOA's determined by Bland and Altman analysis for these four conditions, though only approximately 1.5 cm in either direction, were large enough to account for between 48 and 66% of the range of actual values (seeTables I and II), indicating a lack of reliability for these measures. Bias between investigators (correlation panels (Fig. 2e,k,q) , and d values in Table II) , exacerbated the lack of reliability in D y measures of Rest, Kegel, and Valsalva, and resulted in signi¢cantly di¡erent values between R1 and R2 on the D y measure of Rest and Kegel. Careful review of the analyses revealed that the lack of reliability for measures of position on kegel and valsalva were due not only to lack of agreement in the division of the pubic bone on the template, but also to di¡erences on the identi¢cation of the UVJ, because of urethral distortion on these maneuvers. This distortion has been previously noted [Pregazzi et al., 2002] . Taken together, these data indicate that in this population of healthy, primiparous females, this protocol for the rectangular coordinate method could be used to reliably measure some conditions, but not others.
Data from all three experiments re£ect the bene¢t of correlational analysis, and the need for both signi¢cance testing, and particularly, Bland and Altman analysis in order to assess reliability of this protocol. Correlational analysis (Fig. 2) provided excellent, immediate insight into this protocol. It revealed, for example, the tendency toward bias in certain measures, such as Inter-rater D y Kegel, the dramatically improved agreement between measures when investigators used the same pubic bone template (R1/R3) and, the tendency of measures for V^K across all three experiments to be distributed around the line of perfect agreement. Bland and Altman analysis, on the other hand, was essential to revealing the lack of reliability in conditions, for example, D x and D y Valsalva, whose measures passed signi¢-cance testing, yet had LOA's that explained over 50% of the actual range. The necessity of Bland and Altman was even more pronounced when analyzing the intra-rater results. Here, all conditions passed signi¢cance testing, however, the Bland and Altman analysis revealed that, like in the inter-rater results, D x Rest, D x Kegel, and V^K could be reliably measured, while D y Rest, D y Kegel, and D x and D y Valsalva had LOA's that were large enough to account for over 50% of the range of actual values; thereby rendering these four conditions unreliable. Finally, with the template control experiment, bias was minimal, and the LOA's were small enough for all conditions tested to be reliable. In this case, however, signi¢cant di¡erences between measures by R1 and R3, again from misidenti¢cation of the UVJ due to urethral distortion, caused D y Valsalva measures to be unreliable. Without using both Bland and Altman analysis, and signi¢cance testing on these three experiments, the lack of agreement between measures on several of these conditions would have gone undetected.
Our results, particularly those of the template control experiment, challenge the recommendations of the German Association of Urogynecology who have asserted that the central line of the symphysis provides a ''reliable reference line'' [Tunn et al., 2005 ] from which to measure bladder neck position. Prior to conducting this study we found that when using the rectangular coordinate method as described by Schaer et al. [1995] , we were repeatedly unable to obtain reliable measures of bladder neck position, due primarily to an inability to identify a repeatable and reliable central axis on pubic bones, particularly those that were asymmetrical, only partially visible on a scan, or obscured by adjacent connective tissue. Despite our e¡orts in this protocol to address these anomalies, when the designation of the central axis of the bone was eliminated altogether as a source of variance, as it was in the template control experiment, agreement of measures between raters improved dramatically (Fig. 2, Table II) , suggesting that the designation of the central axis is a considerable source of variance in this method. Conclusions about variance due to the identi¢cation of the central axis from our study are limited as di¡erent data sets were used in the inter-rater and template control experiments. Additionally, in order to avoid bias from one rater scoring the same scans twice, the second rater was di¡erent in the inter-rater (R1/R2) and template control (R1/R3) experiments, although all three raters trained extensively together on the same protocol, before collecting data. These limitations notwithstanding our data suggest that the central line of the pubic symphysis is not always a reliable reference line.
Our data indicate that this protocol for the rectangular coordinate method, which was much more detailed than that published by Schaer and colleagues in 1995, can assess bladder neck position reliably for some conditions, yet not for others. Schaer et al. [1995] asserted that the rectangular coordinate method for measuring bladder neck position was a reliable protocol. Our study can be reconciled with that of Schaer et al. in the following ways. The condition that we report as the most unreliable to quantify was D y Kegel (with di¡erences between raters at P < 0.001). Schaer et al. did not test the reliability of this method Neurourology and Urodynamics DOI 10.1002/nau during a kegel, only during rest and valsalva maneuvers. Additionally, using the more stringent statistical analysis of Bland and Altman we determined that D x and D y Valsalva could not be reliably measured in our hands. Using only the test of signi¢-cance, as was done by Schaer et al., D x and D y Valsalva would have also been considered reliable measures in our study. Finally, we tested this method on data that represented our entire viable database, using equal parts of good, fair, and weak quality scans.Using only our best data, it is quite possible that we also may have obtained reliable measures.
In conclusion, the reliability of this protocol and ultimately of the rectangular coordinate method for measuring bladder neck position, is dependent on several variables including the conditions being measured (can bladder neck position on conditions such as kegel and valsalva be reliably measured?), the individual raters (can measures be obtained without interrater bias?), and when using Bland and Altman analysis, on the population being tested (are the LOA's acceptable for the size of the range of actual values?). Because the central line of the pubic symphysis is not always a reliable reference line that can be objectively predicted by more than one investigator, because the identi¢cation of the UVJ is not always obvious, particularly when the bladder is being manipulated, and, because the quality and visibility of ultrasound scans are not equal in all studies and also a¡ect the ability of investigators to obtain reliable measures, we suggest that each study that quanti¢es perineal ultrasound data should test whether its data can be reliably measured.
In light of the time and expense that would be required to regularly and accurately evaluate the reliability of studies that quantify perineal ultrasound, we suggest that the greatest strength of this minimally invasive technique to evaluate pelvic £oor dysfunction may not be to provide statistically sound quantitative measures, but rather to provide qualitative information; information that can be used in the care and instruction of the incontinent individual, and in generating increased understanding of the physiology and anatomy of urinary incontinence. Perineal ultrasound, with minimal discomfort or detriment to the patient, provides a wealth of information on the functional and dysfunctional pelvic £oor, and should be explored to its capacity by both clinicians and researchers to advance our ability to improve the quality of life for incontinent individuals.
